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Abstrnct 


r.Ieasuroments  of  positron  annlliilation  rateo 
in  nitric  o::ide,arcon,   ine thane   and  deutcrated  methane 
liave   been  made   at  different   preBSMPes   of  these  c^ses. 

In  case   of  nitric     xide    the   p~  ox   of  anrdhilation 
rate      against   pressure   has  been  found   to  bo  a  parabola. 
An  attempt  has  been  nade    to  e::plain  the  behaviour  of 


positrons  in  tliio  cas^    The  values   of  •'a*'   and  ••b^'   in  the 

fcrmuDa     A  «  ap  +  bp     have  been  determined  as  9»3  x  10 

/usee*  /mms  lie  and  5       10      Mseo"  ^nrm  Ife)     respectively. 

The  annihilatio--  rita    of  positrons  measured  In 


arron  shows  the  usual   linear  dei^r.dence  with  prcosure. 
An  increase   in  the    pressure   coTficient  has  been  f  und 
when  a  moderating  agent  is  added  to  the   rac.    Tills  effect 
has  been  explained  in   terms     f   the  vel  city  dependence 
of  aii-nlhilafcion  rate. 

For  methane   and  deuteratod  methane   the 
annihilation  rate    A    again  shows  a  linear  dependence  on 
the   pressure.  However,    the  results  varied  widely  from 
gas   cylinder  to  cas  cylirder,   succosting  an  impurity 
effect.   The   orsGrved  values   of  annllillati  n  rate      per 
unit   pressure  fr^two  gases   cqsequently  overlap  and  it 
was  not   possT^le   to  detorfnlne   the  difference  between 
the   two. 
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Intorcot  In  thie  problem  and  for  the  ericgooti^^^  ^^  made. 

I  fileo  wloh  to  thank  Vt.  IS9A  Anotronc  for  I1I0 
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Finally  I  xrish  to  record  iny  cx^-ltudo  to  l:^R.i:^ 
for  a  ounner  cx^i^t  and    "or  flnancln^^  the   project  and 
to  the  Unlvomlty  of  Toronto  for  providlnc  ^^  with 
tho  Job  of  Student   :.)cnone  rator# 


CmLPTER^I^ 


Introduotlrn 


Th*  pooltpon  WM  dlaoovorod  by  Anderson   (A-32) 
In  a  ol  ud  cliamber  photogpaph  from  coanlc  pay  oh  wor# 


dice  vory  Wao  aloo  made  Independently  by  3laokett 
and  Ooohlanlini  In  1933   (ft*33)  who  Indotiflcd  t!io  part- 
Ida  with  the  •'jy^  oitlve  h  lo''   In  the  ooirtinuxxn     f  neca- 
tlvo  enerry  etataa  p  otulated  by  Dirac   (D-30).  Solvlnc 
«te  rolativlatlc  aquation  f  r  the  onercy     f  the   clcctroni 
Dlrac  obtal:jed  both  jx^oitivo  and  nacatlvo  a  lutl  na 

E  «  *    J  P^   -»-  ^^^ 
Tho  nc::atlvo  energy  o  lutlon  3orraop  ndo  to  a  pooitlve 
anercy  s  lutlon  in  which  tho  electron  haa  a  oliarco  40 
inotoad  of  -a.  Tho  c  nnoction  botwoon  p  citivo  cuid  nac* 
ativo  onerr^y  state  is  described  by  Dirac  in  lilo  ••Ilole 
theory^  in  which  it  is  aonunod  that  all  nocativo  onorcy 
otateo  arc  nrmally     ccupiod  by  eloctr  ns  wliich  arc  un- 
obaorvable.  V^Taen  an  electr  n  ntikco  a  tranoiiion  tr  n  a 
necativo  encrcy  otato  tap  sitivo  onorcy  state  a  hola 
io  loft  wliioh  ia  oboervabla  aa  a  p  aitron^and  tho  electron 
in  tlio   positive  cncro^  state  nay  nakc  xnndiativo  tranoltion 
into  a  ••h  le''  resultinc  in  the  disappearance     r  annildl- 
ati  n  of  the   positron  and  electron  and  the  appearance  of 
clectr'^TnarT.etio  radiati  n  of  t  tal  onorj;^ 


S 


2noC     -f  E^  4  E- 


wJiere  no  lo  the  root  maoB  of  the  oloctron  and  E^  and  E- 
oro  kinetic  enorrrloo  n^^oolatod  with  the  pr  oltr^  n  and 
•lootr  n  rcopectlvoly# 

The  o  nservatl  n  cf  m  nontun  roqidpoo  atloaot 
two  quanta  to  bo  onlttod  unleoo  an  Ir.toactlon  with  anothar 
tlactron  or  iruolouo     ccnpst  Synnetry  c  noldoratl  n  (Y-»50) 
WqulxMI  an  tvon  number  to  be  onltted  In  caoo  of     pp  olto 
■pine  of  annihilating  pair, and  an  odd  number  (atloaat 
tliroo)  In  caoo  of  parallel  spina* 

Vr  ductl  n  of  poeitrong 

R^altrc  n  aloctron  palro  can  bo  created  by  dec- 
tromacnetlc  radiations  In  tho  vicinity  of  an  atonic  nucleuc. 
T     d     tlilo  tho  oncrcy  of  aloctr  noGnotlc  radlatl  no  noiot 
ba  surflclont  t     cauoe  a  tranalti  n  frcn  tlic  nccatlvo 
•rwrcy  otato  -iHoC^  tc>  a  p  altivo  enerc'iy  otate  ^-rioC^.  Thus 
a  nlnlrnun  enerry     f  2noO^  lo  required  t     produce  an  elec- 
tron positron  pair,    riio  preocnce  of  a  nuclaua  is  required 


fbr  enorry 


moBfcitun  co:.ocrvatl  n  in  tlio 


of 


croatl  n.  The  poolt     rm  are  thus  created  in  coo  Ic  radi- 
atl  n  and  whenever  hl^h  enercy  cnmsi  rays  paco  thrr n^h 


tter# 


P  altr  na  arc  aloo  onltted  by  certain  radio- 


active nuclides  wbJLch  Iiave  neutron  deficiency.  P  r  moat 
e:cperlmento     n  pooitr^  n  annllillatl  n  such  ocurcco  are 
very  useful* 


JJ 


3 


oitr  ng  in  nnoec 

In  many  •rcperinonto  na«22  lo  a  a  8t  convenient 
0  urcc«   It  hae  •  llalf  lif^  rf  a^S""'  yoars^and  the  p  oitr^>no 
have  an  enopcy  diotribution  with  a  maiiinun  of  0#544  "ov. 
(K*54)«   ':iiooo  p  oitr  ne  nre   pacoed  thr  uch  a  oubotancc  wlioro 
they  1  00  aln  ot  all  thoir  onorcy  by  i  nioinc  c  llioi  no 
with  at  ma  and  m:  loculoo     f  tlic  modiiins  Ta  »   Groon  and 
Ctlitana   (T-63)  have  oatinated  tho    thoxr^llzati  n  tino 
f'  r  p  olt-^  na  in  arcf  n  cam  by  oopamtinc  the  onorcy     ^ 
pooitr  rM  int     throo  rc^l  nat 
(i)     E    >  0*01  rav. 
(ii)     0.01  rev  >  r  >  Eq,,^^ 

(iii)     E    <    Eo::c. 

irtiore  ^BziQ^  is  tlae  firct  e::citod  level     f  arccn  at  n. 
while  tliiD   theoio  io  net  prinorily  o  ncomod  with  arc  n, 
it  will  be  0  nveniont  to   conoidor  arr  n  in  tho  f  llowinc 


(leoortptl  n# 


In  otace   (i)  tlio  i)OGitron 


lation  ppobab- 


ilit-  is  leoB  than  few  percent.   The  si  v/inc  down  tine  io 
eatinntod  to  be  ab  ut  0.025  "C^  ii^jft*o     ^^    ia  tho  lime 
free  anniliilaticn  tine, an  untingff  r  enonple  t     55.2  nooc. 
for  arcon  pas  at  5  atmoophero  prcacmro. 

In  otacB   (ii)  tlie  olov/inc  dmm  tine  is  eotiruxtod 
to  be  0#32  T^  .   Anniliilaticn  ia  looc  than  30,;  probable. 

In  otacG   (iii)»   11.6  ev  t     9.0  ev.*  the  probab- 


illty  of  pooltrcn  captuiliv;  an  electron  fron  an  arson 
atom  and  for^'lrnc  Q  bound  otate  lo  alnrot  lOO^t   Tht  boUBA 
otata  lo  analccouo  to  a  Iiydroc^n  atom  with  pooltron  in 
plQoe  of  pr  ton*     lilo  c  noapt  wiui  flrot  clvon  by  r:ohopovlclc 
(^*-34)  and  botxnd  proltrcn  elootpon  pair  vms  civen  tlio  nana 
F  oltronlion  by  Huarl:   (IM5)t 

A  p  olti^n  ulilch  reachoo  aneir7  leoo  than  9#0  ov. 
In  arcon  (and  nar^  do  ao  by  eocapinc  tha  onorcy  ran^c 
11»6  ov  -  9.0  av  altciothor)  can  no  Icnodr  t  m  pooltrc^nlixn 
and  It  will  o  ntlnuo   t     ol^w  d  wn  1  olnc  onorcy  In  olaotlc 
0  lllol'  no  until  it  anrlhllateo. 


Similar  conoluelono  can  bo  roaclicd  f':r     tliar 
Tnon atonic  ,^aoce.    In  polyatonlc  cnrco  the  oltuatlon  at 
1  w  oncrcloo   (rc^l  n  ill)     io  oorxjv/Iiat  different  bacauoo 
Inelaotlc  eoattcrliic  o  lllel  ns  occiir  with  lilch  pr<  bablllty, 
Itonca  tho   themallzatl  n  tine  Is  ahort  and  n  ot     f  tha 
ponltr^no  tt  uld  annihilate  after  rorichln^  tlicmal  or  nearly 
thomal  oncr:loQ* 

Paul  and  Gt.idcrro   (P-S3)  Iiavo  re^    rtcd  tliat  In 


^lioao  caQQQ  tlic 


lati  n  rates  aro  from  3-700  tlnco 


faster  than  th^  ae  -  btalnod  by  Dlrac  for^^nilai 


X    ^     TvCrV    :^    -KTT^.^C      See 


-  I 


*     The  Gl,^::nlflcance  of  tho  level  9»0  ev  lo   tlint  It  oqualo 
the  1  nloatl  n  potential  wf  oreon  laoo  that  of  poaltr 
lun« 


where  n  is  the  nuiober     f  eloctr  no  ^mr  u  It  v  lumo  and  r© 


tlio   olasalcal  Glectran  radius. 


to  •::plaln  tlie 


axmlliilatl  n  rat  s  in  tbi 


heavier  r:aoeo  these  auth  ro  liavo  encn^oted  th#  p  solblllty 
^f  the  f  mat!  n  of  p  eitron-n  lecular  loni3,w]iloh  W(  uld 
anrlhilat*  In  about  ICT^eect  Therefore   the     bBcrvod  annl- 
Iiilatl  n  rate  wuld  ropreoont  a  o  ::blnati  n  rf  tho  rate    :f 
eapture  of  p  sltr  ne  to  fcm  b  und  otatce  and  t!:e  direct 
annlhllati-^n  rate.   Since  the  t  tal  cboerved  rate   lo  mioh 
Ereatcr  than  the  direct  annlliilati  n  rate  at  low  prooourooi 
one  io  esmtially  obcorvias  m  plieneaenon  Widlft  depondo  on 


the  pr  oeoa 


X   4  • 


Xe^  4  Q 


wbevt  X  is  tho  capturlnc  nclecule,  a:id  Q  is  tlie 


rrar 


f  the  oonpcund  Xe"*".  The  onercy  Q  nay  be  taken  up 
In  a  r  tatlrnal     r  vlbrati  n-r  tati  nal  tranolti-n  of  the 
in  lecule,    r  could  bo  radiated, or  dioeipated  colllsl  nally# 


latter  prt  coo     w  uld  require  a  virtual  otato   t     c::iat 
f  r  ab  ut  IC-^^oec.  in  a  cao  at     ne  at:    opliore,  and  oince 
all   tlic  o:s:popincnto  deocribed  in  thlo  thools  were   for 
overall  preo«uree  above  one  atroophcrOi   colliol  nal  de- 
errcitati  n  w^uld  take   preference     ver  optical  cnisci  n^ 
which  lo  c6^cral?y  elower  than  ICT^'^eoa.  for  low  enercy 
tranaiti  re.    iloturninn  now  to  tlie  vibrati-^n-r- tatl-n 
trancitionet    the  ntirbor  of  available  channels  for  ouch 


tranoltlono  ohould  be  croator  for  noloculoo  with  high 
denoltloo  of  rotation-vibration  ot^.too.     Tha  rapid 
inoroaso  of  an  Ihllatl  n  rate  with  nclecular  wolcht 

t  vib ratio  -rota tier*  tranoltio  o  v/orc 
pia::lnn  a  -^xi.lor  rol%.     It  v/ao  8Ti£;j©otod  by  Dr»H«L#v/oloh 
that  a  conx>arl8on  of  anrl^  ilati'n  rotoc  In  nothane  and 
donto^atod  metliano    (CD4)  would  rovoal  ary  ouch  tondency, 
•inoa  the  two  n  loculee  are  MNMmtially  Idontioal  in 
their  electronio  atructuro  and  eloctrio  polarizabllity, 
but  have  narlredly  rllfferont  no'  onto  of  inertia.   It  v/ao 


therefore  decided  to  c 


the  •^frco''  pooitron  anrj.- 


Mlatlon  ra'^^ec  in  tteeo  two  eubetarceo.     ailuro  to  oboorvo 
any  difference  would  not  noceonarlly  nean  tliat  pooitrr^^^s 
were  ^ot  bein(^  oar-turod^  but  rather  tliat  if  tJioy  are 
Mptuped  they  do  not  ci  -ultaneously  cauce  a  vlbration- 
rctatlon  tronGltion. 


It  aloo  'ear  in  nind  tlMlt  It 


not  yet 


n  elK^wn  that  t':e  capture  of  looltrona  occura  at  all 
by  tlie  noleculee  in  quertio^,  even  thouch  bound  otatoo 
exiot*  ^tecent  calcu^ationo  of  aon^y  (  ^dvato  co-  uni- 
••tion  )  indicate  that  if  electric  poliracltion  of  arcon 
id  tal-en  Into  account  In  the  tho<^ry  of  po8itiK)n  colli- 
alone  with  the  free  atona^  the  annihilation  rate  for 
very  low  velrclty  pooitrrno  lo  nart:od''y  hlchcr  than  if 
the  po?arizatio     la  negHeotod  (the  reveree  lo  true  for 


posltrorjo  of  about  >9  •v  in  mgon).   Thuo  it  lo  otlll  poo- 
eible  tliat  a  very  hlnh  direct  annihilation  rate  could  b# 
dtnonatratod  theoretically  for  liydrooarbono,   Itowovor, 
the   i^atnt  conr!unication  of  Gold^anekli  and  Sayaoov   (G-64) 
favouro  the  foinatlon  of  bound  otatoe.    (oeo  A.  pendix  A)« 


ALUMINIUM 
GASKET. 


V///////////y///////////y/////7Z^. 


PHOSPHOR 


v////////////////////////////yy/77?. 


6      INCHES 


FIG.l  STAINLESS      STEEL      PRESSURE 

CHAMBER . 


s 


CnftPTER,II> 


^^thod 


To  nitastixv  the  ••froo*'   life  tine  of  tho  poolt- 


rono  1     tlia  mixture  of  |pioeS|  *  a-22  wao  ueod  qo  a 
•ourcc  of  pooltrona#  Thlo  ';lvoo  pooltrono  havinc  o  orr:y 
dlotrlbution  oharacterlotlc  of   0 -doooy*   :ia-22  docoys 
Into  Ml  «:rcitocl  otato   of  no-22  which  co«o  to  t^^  cx^und 
otQtc   In  l^M  tlWi  10-11  ocot  clvinc  lf20  Miv    V-royo. 


Thuo  enloolon  of  •voxy  pooltron  io  riorlied  by  tlio  orl- 
oolon  of  Q    V-i^'  of  1.2n  ?>Ttv.   Tlie  1*28  ^^v      V-ray  nay 
thareforojbo  rtcardtd  M  •ignal  for  the  creation  of  a 
positron,     he  poeitron  eubeequently  anxdhllateo  Into 
two      y-rays  of     #51  '.tov.    I*he  tl^  Interval  be^neen  the 
1.2B  ^^v    V-ray  and  the  an^dlil^iatlon    V-ray  clveo  the 
Uflitl  a     f  individual   pooitr  n. 

The  eouroe  t7ao  n^unted  In  the  centre  of  a 
stainlooo  etccl  cyllndir  8  Inches  in   Uarotor  and  6  inchoo 
lone  (flr^urel)  In  which  the  coe  u-.der  otudy  could  be 
COT— ^nood  upt^   10  atnoepherco.   The     ao  charber  woo 
«fmcuated  every  time  before  the  -ae  under  study  v/as 
Itttrcduced.   The  vacua     syoton  wm  deol,'::ned  and  co  ot- 
ruoted  during  the  course  of  tlieee  c::porl-^cnto#   ttt 

•uro  of  «ie  gases  wore  -leaeured  uoin^]^  (Wallace  and 


Tlcman  '^odel  1I6#FA  2^3)  preo  ure  gattflea  of  three 
dlffemt  rarceo   (  0-400,   4nO-800|   0-7600  mm  He)# 
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Two  ■tl(Tl)  dotectoro  mounted  .^n  largt  iiiTitor 
photonultlplloro   (iMlllpo  XMC40  and  RCA  7046)  were 
lac#d  face  to  faco^  with  to  cao  chamber  lying  betv/een 


i»   ^  the   pu3oe  amplitude  selection  the  two  detectoro 
were  aet  to  detect  the  1»20  HiT      i'-roy  and  anidliilatlon 


y-roy  resi>octi\''ely#  *IWo  output  oi -nale  wore  o:ct'    cted 
fro^   caoh  of  tho  two  photor!ultipliero.  A  tine  pulse 
fro«  each  photoTmiltipli#r,l8  Ted  to  a  colncidonco 
circuit   (ti-^sorter)  whieh  o^unto  coincide ncoo  over  a 
range  of  different  decays,     heoe   ti--e  delays  aix>  eonvertod 
to  rulso  anplititude  by  a  tine  to  ]uloe  heicht  co-verter. 
For  pulse  oortinc  a  ^'uclear  Data  rodel  ••ITD  lao**   512 


Chan' el  analyser  v/ao  uood. 


fBisi 


ined  frc'^  the  photomltiplioro   (side  ohanrjsl  ^uloco)  v/as 
ucod  for  r:a"^a  ray  idor.tificatior  and  also  to  produce 
a  gate  pnlso  wliich  c     trols  the  tine  sorting  device. 


The  eloctroj Ic  circuits  used  in 


©JT^orirx)  <ts  v;oro 


the  B^r^  ac  wore  uoed  by     aul  and  St.Ptorro   (i^63)«   'The 
b?ock  dionron  -f  tho  entire  circuit  is  clven  in  flexure  2. 

To  calibrate   tho  tlnes^rter  six  cables  of 
■Cll/U,  oach  iro  feet  lonct  wore  cut.   lie  delays  of  thooo 
cablec  wore  ineaourod  by  uoinr^  a  Hewlett  Packard  ••Tins 
Donain  Hoflecto'-^etor  nodel  1415A''#    Iheeo  laeacuronontt 
were  checked  carefully  by  a  standing  w  ve  rx>thod  en]  loying 
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VQxrlablt  fr^quonoy  c^norator  and  frequency  counttp 
•  '^)*  The  vqIuob  of  tlie  delays  mtaaiired  by  these 
two  neth^ds  acroed  to  bettet    than  ^  0#05  %  apart  from 
a  nyote'^ntlc  dif foresee  0,4  ^'.  Suc^i  a  dlfforonco  io  only 
to  be  expected  beaouse  of  tho  Tine  Denaln  RDfloctootcri 
tor  wlilch  thm  wanuffcoturer  clalns  only  an  abo  lute 


aocurocy  of  ±  S't,  \7e  have    thus  dononetrntod  that   the 
particular  ^li  floe  tone  ter  used  lo  ncnumto  about  i  0,5?5 
or  bettoTf 


lulooo  f r  n  a  hone  made  nercur:;''  puloor  having 


a  Taot  rioo 


than  used  t     calibrate   tho  tlnea^rter 


by  the  neth^d  described  Ir  roferncoD    (>«5Q)  and  also 
(0-^2 )•  The  calibration  also  oervod  t     check  the  line- 
arity of  the   tinooorter  (flcixre#4.  )•     In  our  aost  recent 
work  the  linearity  of  the   tlr^o  rtor     ver  tho  ran(je 
0-4 '^)5  nooc  has  been  letter  tha^    that  of  the  NI>-120  ana- 
lyser itself ♦  v/o   theroforo  felt  justified  in  i^norinc 


angr  slight  non-linearity  which 


b9  preoontt 


p 


11 


CIUPCTIRalll^ 


ncntal  Itocmlto 


The  amdhllatlon  patei  of  fpot  r^oi*^^^^  ^^3?c 


irx}aourod  oo  q  function  of 
and  ::i:cturco  of  c«^B08  2 


1::  the   follavlnc  cciocc 


1.  nitric     ^do 

2.  nitric   "xldo  4   \rron 

3«     Bithano  +  III  trie    :^lde  -¥  Arr:on 

4.      D^utmtorl  ^'othgne  4  ritric     ride  4  .Mr^on 

5#     rie  thane  4  "Itrlc  Qxlde  4  Arcon 

(the  proaourco  of  tlio  undorlinod  c^co-^  ucro  varied) 

A  typica"^    tine  opectrun  io  ahown  in  ficuro  5»  All  the 

data  cur^;^D  vvoix)  proceooed  by  q  tliroo   pora'iotor  loaot 

square  flttinc  procedure,   doocrlbed  by  Paul  and  Gt.llorro 

(l^5)tUfllnc  tho  Toronto  Unlvcraity  1.3"  7090     onputcr. 

In  ooto  2-5  of  tht  naaouroiTJonte     itric   0::ldc 
\mo  noroly  uood  to  quenoh  Qrtho-PooitponiumpOO  that  tlilo 
normally  long  live '  conporent  wotild  not  arpeor  in  the 


opectrur.  of  delayed 


lations.    (rho  quonchinc  of 


CTtho-Pooltronlura  by  iiltrlo   Ovidc  io  a  wall  known  phono- 
non  000   H*6l.).      In  oeto  4  and  5  the  function  of  tlio 
gas  io  neroly  to  olow  down  tho  pcoltrorjj  v/ltliin 

t::o  dlotanoe  of  tho  ordar  of  the  dlnwuitPfl  of  tho  vooco; 

of 
thuo  reducing  the  nunber  arjilhilationc  in  tha  wallo. 


r 

100  i- 


CJ 
CO 


0 


e''  in  Nitric  Oxide 
ovember  1954  • 


I 


m 


1000 

FIG.G. 


2000 

Pressure 


30G0  mms  Hq 
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Sot  1.   Llfotino  'Teaourencnto  in  nitri      ':::::ido 

Px^o  p  eltron  llfetlnoe  v/oro  naaoupod  at  ol^^t 
difforont  prcooiOPM  of  nitric  o.-rldo  ir  tho  prooouro  ranco 
of  843  rwm  He  •  36-0  rrnm  %•  fbc  tiitt  •pcctrun  for  caoll 
pun  was  taken  for  400  nliuiteo*    The  rosulto  of  thcco 
reacTironontc  arc    tabulated  In  table   1«  and  arc  civon 
Craphically  In  fl^uro  f>» 


'able  1. 


I%in0 

"Itrio  Ctdde 

rmB  lie   at 
■tandard  tenp. 

sec" 

Statiotloal 
err  r  Ie 

1 

^600 

i  5 

90.2 

1.0 

2 

2763 

65.0 

0.4 

3 

1069 

35.0 

0.2 

4 

1125 

• 

17.1 

0.1 

5 

2799 

65.7 

0.4 

6 

4496 

94.5 

5.2 

7 

1495 

24.7 

0.1 

8 

044 

11.4 

0.2 

Bet  2, 

Wltrlo  a 

:ld«  +  Arron 

» 

• 

Al  thio  80 1  of  Twm  m  fixod  anount  of  about 
ma  lie  of  nitric  orddo  was  used  and  tlio  prooauro  of 


t     ■     'mil  HI  iin  >  ij^ii  1 1 


1600 


Fig.  7 


3200 


4800 

Pressure 


6400  8000 

mmsHg 


©  Annihilation  rates  in  argon  with  --  280  mms  Hg  Nitric  oxide 
a  Annihilation  rates  in  argon  with  -  140  mms  Hg  methane 
+  '^  280  mms  Hg  Nitric  oxide 


-^^^~«a^r*  ^•mJi 


1? 


p 


QPCon  «ao  variod  f^on  1^50  sens  lie  -  ^'^1'^ 


lis  in  fl\o 


itope.    lTio 


to  obtained  are  tabulated  In  table  2. 


and  llluotratod  l:-i  ft^mpc  7« 


•>iMo  2 


luco 


1 
2 

3 

4 
5 


^'Itric   a:ld«  "o-non 

'TTo  "4-:  at  ?T?no  Ilg  at 

standard  temp,     otan*   tenp* 


279  -  2 


2Q3 
2n4 
279 


1860  i5 

37^0 

2892 

5688 

6817 


A  Mooc 


-1     Statla. 


17.9 
30,1 
25.0 

42.7 
50,1 


•rror 


-1 


0.2 
0.3 
0.3 
0.3 
0.2 


S«t  3«       c    : mo  •»  TTl^rlc    icjde  ♦  Arr:on 

In  thio  00 1  of  v.mo  fl::ed  anounto  of  notliano  and 
nitric  o::ldo,  ^v^l40  nns  lie  and  /%/2C0  n:ia  He  roopoctlvoly 
V7oro  ueod.  The  preooux^  of  arcon  was  varied  f r  n  IO6O 

mrm  Hg  •  A^^^A  nna  lie   (tabic   3)«    Hiooc  neaouponrnto     ncro 


f^r  o 


With  th 


of  set  2«   Hie  rcsulto  aro 


elvor  in  flcuro  7# 


r 


I 


.oas 


t/  'X 


D^ 


tj) 


Q) 


P. 


ca 


a^ 


en 


T5 

o 


o 


c 


C9 


CO 


►-*-» 


CO 


C9 


03 


O 


03 


^ 


CO 


I 


_09S 


r/ 


CP 


</) 


(^ 


CO 


Cu 


CT 


04 


D- 


CP 


{fi 


Q)  ^ 


in 
o 


CO 


C») 


<0 


CO 


CO 


< 
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Table  3. 


Runs 

Me  thane 
nms  Hg 
Btan.temp. 

Nitric 

Oxide 

Dims  Hg 
Btan.ter^p. 

Argon 

inins  Hg 
Btan.tenr 

>  Msec" 

Statis. 
error  ■% 
\^  sec" 

1 

2 

3 
4 

140  i  2 

140 

141 

280  i  2 

279 
280 
281 

1068  i  5 
2790 
3728 
4664 

22.6 
29.2 

36.7 
44.2 

0.1 
0.2 
0.2 
0.3 

Set  4.     Deutera'.ed   "ethane  +  Nitric   adde   +  Arr:on       & 


Set  5.     Methane   4  TTitric   Qx:ide  4   Arnon 

In  these  sets  fixed  amounts  of  arcon  and  nitric 
oxide  '^284^  nno  He  and  '^280  rana  Hg  respectively  were 
used.  The   presauroB-f  the  hydrocarbons  were  then  varied 
in  order  to  study  the   difference  of  annihilation  rates 
in  these   two  Gases, in  si-  ilar  circumstances.   The  results  of 
these  measurements  are  given  in  tables  4  &  5  and  are 
shown  Grapl^ically  in  figures  8  &  9. 


'I 
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♦^Me  4. 


Pll<Ot 

nroup 

Ru'io 

Dcutoroted 
**•  thane 

S.T. 

ritrio     : 
S.T. 

:ld«  Argon   \** 
S.T, 

DOC*-'-    Stotlotl- 

cal  orj-or 

>,>U  000"^ 

1. 

261  i  2 

279  *  2 

2327  1  5 

33.4 

0.1 

t« 

561 

276 

2799 

42.2 

0.2 

3. 

0 

89eo!id 

2C2 
Oroup 

2091 

25.0 

0.4 

!• 

692  i  2 

2  no  *  2 

2833  *  5 

62.9 

0.3 

2. 

600 

277 

teo9 

55.9 

0.4 

3. 

772 

200 

2833 

42.9 

0.2 

4* 

170 

270 

2012 

35.1 

0.2 

5. 

81 

230 

20^3 

29.9 

0.2 

6. 

735 

277 

f80f 

62.0 

0.5 

7. 

170 

2ao 

2833 

41.8 

0.2 

B. 

902 

279 

2827 

76,0 

0.5 

9. 

450 

270 

Mtl 

49.1 

0.2 

10. 

0 

2D2 

2091 

25.0 

0.2 

'i 
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Runs 


"otloniio 

S.T.    , 


1.  262  i  2 

2.  518 

3.  697 

4.  0 


Tablo  5. 
Flrot  Group 


HI  trie  nlde 

9«  L«    . 


279  -  2 

277 

Itt 

283 


\rc<^^     X /uooc*"^  Statlstl- 
rma.  He*  o°^  orror 


2027  i  5 

2003 

2042 

te91 


37.0 
50,1 

69.') 
25.0 


0.2 
0.4 
0,9 
0.2 


Second  r.roup 


1. 

866  i  2 

200-2 

2, 

A-"^ 

200 

1# 

699 

801 

4. 

:49 

281 

5. 

244 

202 

€• 

1?2 

200 

7. 

0 

Mt 

2045  i  5 

59.0 

0.4 

2045 

42.9 

0.3 

2051 

51.5 

0,2 

§640 

40,0 

0,3 

2056 

33.1 

0,2 

2045 

30,2 

0.2 

2891 

5.0 

0.2 

Tun  I'-purlty  In  CDa  o  ecifled  by  t!io     anufactu- 
^•5/5  air.   There  arS  no  other  '  ydrocarbono 


The  raxlnun 

prdcont,v7hllo   the  iooto  Ic  In  urlty  Is  1  ^  of  hydrogen 
(atonic ). 


00 


CM 


o 

CD 

en 


en    o 


o 
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C  HAPTE  R . IV . 


Dloouoolon  of  th«  roeulte 


I 

I 


1,     '^eaoiirenonts  in  ritrlo     ::lcloi 

Pciul  and  3t»?lorre    (1963)  iiood  nltrlo  czlde  as 
one  oonponant  of  thslr  cao  trdxtuv^a  and  obtained  an 
approviinate  valuo   (unpubllslied)  for  ttaa  annihilation 
rate  In  this  cao.  They  o::porlcnood  ocwe  difficulty  In 
.nine  a  confltant  value     VpfWMoh  led  Paul 


(ISS*^  unpuhllolied)  to  ^al:e  oome  near  uromonto  on  nitric 
esclde  alone  • 

The  plot  of  annihilation  rate  analnat  procouro 
obtained  shoirs  clearly  that  the  annihilation  rate  X  - --n  a 
quadratic  dopendonv-^.e  en  the  proooure  of  the  form 

'X*^  ap  +  bp^t 
Thlo  lo  the  fiiot  inetance  of  nonlinear  depondorco  of 


X  on  preceure  whieh  haa  been  f 


fhoQO  neocrurenento 


have  boon  carofu"  ly  repeated   (firiiro  6)*  To  detemlne 

the  values  of  ••a'*  and  ••b*  a  plot  io  made  for    X/p  acainat 

p  (fi^itrc  10).  Pron  thle  plot  io  obtained 

a  mO.3  1  0.5)  X  Itr^   /U8ec*Vnri8*;iG 
b  .(5.0  i  O.J)  X  10*^  /Uoec**^>(nn8.HG)^ 

It  nay  be  ern:  haolzedihowovcr,   that  the  value  of  ••b** 


a 


to  be  hichly  senaitive  to  the  eKperi^r^tal 


conditioner  and  nay  indicate  a  stronc  dependonco  of  "b'' 
on  Impurities,  nevortheleoa  two  aeto  of  data  obtained 


p 
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prior  to  tho  roGulto  civon  in  th^  protlouo  ohftptar  hnvo 
Clvcn  oonolotont  values  of  ••a'*. 

can  h% 


Tho  quadratic  dopondcnoe  on 
#xplainod  on  oxii  of  tho  several  theorioo. 
(i)     Capture  offoot  Into  a  b  und  state. 


no  +  e 
followod  by 

or 


CTO*)' 


no  * 


(■^0*)**  +  ro-fflo*  ♦  H'l  ♦  Q 

railcL  anr-lhllati  n 


Q  Id  the  Mndiiv*  •nercy  of  tlio  pooitron  in  no  .   rho 
pceltror  In  this  HO'*'  bound  ctato  lo  c -nected  to  annihi- 
late  rairly  rapidly  .with  o  wan  life  of  the  order  of 

10    'bOO. 

(ii)     Dinorisatl  n  effect   (i-Oig. 

Acocrdln,-,  to  t:iia  theory  wo  asciane   that  tlio 
annlidlati  -  roto  X  io  •fBal  to  tho  Bum  of  an:iihilation 
rate  In  H  »  pluo  the  annilJ-lation  rate  due  to  tho  dinor 

i»e«  "X       c     'X  (N6J     ^     ^lNO)» 

ar.d  ^iMo  «   f> 

The   p"  dependence  of  X^^,)i.B  t::pectod  beacuoe  tho  ooncen- 
trmtinn  of  (TT'>)2  will  ^aiy  a»  f?.   (Thio  follow  f»o«  th« 

Irinetlos  of  the  fomotic-.  and  breakup  rf   (K0)2 
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If  wo  have  a  ndxtiro  of  Ifo  and  (110)2 •     lion  in  the  cqu: 
brliin  tho  concentration  of  the  din  po  Ic  proportional 
to  the  square  on  the  con««ntration  of  nonOTiors, 
i.e. 


•fwo>2    ■  ^°^no 


or 


(ITO). 


9 
(preamiro)     approxlnatcly. 


Tills  Hfpi^Tiinatlon  In  accurQtc  at  loir  C/^tq\     valuoo»inah 
ao  obtained  under  our  •sporlnontal  condltlona.    rho  cono* 
tnnt  K  do-dndo  on  tomporatxire  in  a  manner  Involving  tha 
tor    ^  whore  K  la  tha  Boltzr-tfum'a  oonotont  and 

Q  lo   the   dloaoclatlon  or  activation  ovfUfg^  far  the  broal:- 


up  of  the  dlinor  Into  II  )  ♦  N0«  The  value  of  C  •  '^TIO     al/nol 
or  0*1G?4  ev  per  raolecula»haB  baen  detormlnad  e:^porlraa« 
ntalljr  by  Smith  and  Joln^oton  (r>-52)# 


tho 


Oft  thla  theory  th     par-^.bollc  contribution  to 
of  >vcrauG  p  la  neroly  duo  to  a  lax^o  crooo- 
section  for  annihilation  of  0X0^7  poolt^  ono  vriLth  voiy 
few  dlncra  wliloh  arc  proacnt.  The  mechanics  for  ouch  a 
larco  anrlhllatlr>n  croao-eactlon  could  bo  olnllar  to  thit 
for  nodlxin  woloht  hj^drociirbons   (aoa  for  aaanple  Appendix  A). 
la  do  not  attaint  h  ra  to  explain  auch  lorctt  annilillatlon 
rata,  but  mrrely  c  mput     the     rder  of  iaacpil*^da     of 
tha  aanlMlotlon  croeo^aactloni  which  would  ba  nacoooary 


to  account  for  our  obacpvad  parabolic  pro 
an  a  dine riaat Ion  picture • 


dopcndonca 
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-jp  .• 


rc  n  le  tlie  nunbor  of  (TT0)2  moloouloo  per  on',   and 

wbtre  n^ff     lo  *1^  munhe^^  of  electrons  per  (ro)^ 

noleculee  which  are  offectlvo  In  aiwllillatinc  tlio 
pOGltron,   and    (j*    is  the  Dli^c  croa:— section 

i.€      or  ^   TfY^'^C/ir 

However  tho  munbor  of  dlnom  proaont  lo  civon  by 


«  • 


«      « 


b--   ^p^ej,^  -7ZiM'o    A^S.c/^. 

dj 


Tvims 


.»<,) 


F 


Suppoolnc  now  that  tho   fraction  of  iHwtw  prcoont  at 
one  atmocphero  la  10*5  than  nunhor  of  (no)^  nooculao 
par  on^  ■  10  -'x  L  »  wliaro  L  lo   tho  ^schnidto  nunber. 

Subotitutlnc  In  equation  91)  and  uoinc  awfitri. riMlal 
value  of  b 


1.4 


/o 


alectrono/noloculo* 


"•ff .  ^ 

The  hlchast  value  of  n  f  ^     by  Paul  and  St  •Pierre    (l*-63) 
la  about  22000, for  carbon  totraclilorlda.  Tlicreforo 
*aff    ^^^^^  ^  pear  to  be  anonr  lujly  hirii  on  thio  piature 
unloao  wo  have  draatioally  undoreotiaatod  the  fraction 


CJ   o 


o 
o 

CO 


to 
t/) 

o 
o 


cr> 


CD 

o 
o 

CO 


o 


POSITRON-ARGON    ELASTIC 
SCATTERING  CROSS  SECTIONS 

Massey   a   Moussa    (1958) 

no     pol. 


r 

0     01 


8 


Positron     velocity      x  lO  cm/sec 


05 


10 

J. 


T 

3 

Fia.ii 


1-5 

_i_ 


T 
9 


2  0 

I 


e.v. 


f 
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f  dlnisre  tlMoh  lo  proBont* 


I 


2. 


ironontg  In  ritijo   CadLdo   -f     Arnon     and 


v^thano  4  I'ltrlc   OQcldo  4  Arron 


The  plots  of  annilillatlon  rate  ^  siGolnet  poi^ 
tlal     r©oour«B  of  arnon  (flcupe#7)  aro  otralcht  lines, 
at  hno  alwayc  been  found  with  cQooo  arrcopt  for  nitric 
•Klde    (of.   seel).  The  curvoo  of  flcuro  7  aro  slnllar 
except  tlMlt  the  upier  curve  :iao  a  cllchtly  otoopcr 
B'o^a.    ( :^e   dlfforonoe  in  Intercepts  is  neroly  duo   to 
the   pooltro*^  oolllaione  with  nethano).  The  creator  slope 
rt  the  upper  cxirvo  can  be  underot  od  aa  a  themalisatlon 
effoct*  It  is  to  l>o  OT^pected  tliot  the  average  velocity 


of  slow  pooitrono  in  the  gas  will  be  ^^x^ator  than 
themal  beacuae   tlie  slower  pocltrons  are  annihilated 


itially.  "otliane  roderatco  tht  .ooltrona  noro 
rapidly, 00  tliat  the  averagt   ;    sitr  n  vol  city  lo  reduced 
t  wards  thez^nal  onorniest   A  o  nsequonce  of  the   lower 
pCGlt-on  velocltloe  is  an  increased  ^   t^hore  is  already 
6  ne   puMlelied  e  pcrincntal  evido noe  that  the  annihil- 
atl  n  rate  of  p  oit^or^  in  arcon  rlaoo  ao  the  poaitrona 
slov/  down  »o3ow  about  1  ev  (P-64.   T-64,    P-64)#  The  latest 
calculations  Mssoey   (19^4   private  coTTnunication)  also 


bsuPS  this  out    (flGure  11).  ••   It  scons  that  a  aanoauer 
effect  occurs  f  r  positrons,   and  annihilation  rate  cliowo 
this  effect  in  a  STrtsared  --^ut  faelii  n^. 
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3. 


tod  "o 


I 


I 


♦  Bltrio   Orldc  ♦ 


/Imon       and 


1110  onnildLlatlon  pa^OG  >  obtained  with  dantcratod 
than#  ore  pi  ttod  ocalnst  tlioir  ^  a^  tial  preuouroo 
(flcurot  8  &  9)«  Tho  plote  ore  etrolcht  llnoo,but  t  0  ool 
fllopeo  in  tach  flc^ivo  dlffor  acoordlnc  to  the  cj^q  oonploB. 
(Tiro  oyllndorcj  of  oach  typo   -^f  goo  xTorc  puroliaood  at 


€lffcront   t 


). 


T7o  thcroforo  oxiCoOot  that  annll illation  potoo  in 
thcBO  c'^GOO  aro  vcpy  oenDitivo  to  inpu' itloo  p5X)oont#  Thu« 
It  lo  difficult  to  noaoupo  tho  dlfforonco  of  an.lhi'ation 


ratM  in  CD^  and  cn^*  Hove  vert   ^^  oittwtet  obMrvjd  diff- 
oronco  of  anrdhllation  ratoo  in  thooo   two  naooo  io  about 
14^«  Tho  annihilation  rate   in  CD^  holnc  hl(^or,  v/hllo   tlie 
irun  dlfforonce  of  annihilation!  i^to  between  t\70  oanploo 


of  the  •'eano'*  cao  is  10^«   It  is  therefore  not^)oa0lblo 
to  detcn^ilne  wliethor  tho  annihilation  rateo  of  pooitrons 
In  CD^  and  CIL  arc  dirforont* 

GolManakli  and  Hayaoov   (G-64)  postulate  a 
renonance  capture  plienoncron  to  explain  the  decoy  ^f 


Itrono  in  CILt<^*<^  8\lMi8t  an  annlMlation  rate  fron 
a  bound  stata  having  a  life«»ticio  .f  about  10     sac*  Fron 
an  axporiniontal  point  rf  vlow  the  Gol*dano]:ii  and  Sayaoov'o 
thooxy  ie  incompleto#     A  phonoiatnolOEical  theory 
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of  tht  rates  of  proocoTiQO  appro.  ri.i to   to  Gol*danol:ii  and 
SayaBov  lias  themfore  been  b«en  dovoloped  by  Pwil 
(Appendix  B).  Prom  it  we  aro  able   to  deduce  the  preeoure 
deporiderce  of  annihilation  rate  in  CII^  as  a  functicn  of 
five  paronetere*  The  valueo  of  oovoral  of  tlieeo  para- 
aetoro  can  only  bo  cuceoodtbut  uein^  tho  theory  we  ar© 
able  to  nake  r  toeh  eatlnatee  of  ^^  ,t^:e  bound  atate  for- 
BMitiOB  rate  fror  e   j^exdrien^al  resulta.   It  is  this  peo^- 
meter  which  la  expected  to  depend  on  the  rotation  level 
epacinc  of  the  nolocule,and  wliloh  ehould  ,:lvo  rioo  to 
an  eriliMicod  annihilation  rate  In  CD^  ae  oonpared  to  CII^# 
Taklnc  a  partial     n^^^  •  20  for  direct  annihilation  In 
Cn^  the  value  of  ^^    le  about  92*5  of  tlio  total  observed 
annlhllatlor  rate.   Uenoe  we  »ay  e::cpect  the  annihilation 
Kite  in  CD^  to  bo  hlGhe*"  than  In  v^JH^.   Despite  expcrinen- 
tal  dlfflcultice   (Impurity  effects)  It  is  Inprobable 
that  our  observed  results  could  be  fitted  to  the  ideas 
,iuat  presented  unleon  A^    is  .•nuch  oiaallcr  tha  ^  has  been 
Buppcr.c>d  >.rd  the  dlroct  arjill'dlati-n  rate  much  larcer. 
At  present  we  are    theref  re  inclixaod  tc  fit  t     our 
results  snallor  values  of  C^  (Appendix  B)  and  a  larcor 
value   of  direct  anrdhllation  rate.  This  would  inply  that 
tho  theory  of  OolManskil  and  SnyacoA;^  appllec  only  to 


a  raaib 


Her 


ion  of  the  pooltrons  than  92^« 


The  x^sults  discusDod  in  thio  section  have  not 


been  corrected  for  thi  second     r^Icr  effects  dlscucuod  In 
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aoctlon  2  Mtiltfli  are  due  tc  the  proaonoo  of  orron. 
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Apiy^ndix  A 

In  this  appcndlE  Qol^danakll  and  Soyaoov'o  paper  on 
••nteononcG  onnlhllatl  n  of  of  positrons  upon  oollleion 
with  :-:oloculo8  and  atono^^  l:i  proecntcd, since  thlo  paper  is 
not  Qvailablo  in  Bxvjillsh* 

llfotlas  of  1  ooltrono  in  a  nunbcr  of 


boos  Ilt0  liosn  ohovn  to  bo  sovcral  ^*rtero  ohortor  than  thoao 
obtained  by  Dirao  fopnulat  r^  ■  l/crvn.  ^  m   i|zv  c/v  —  (1) 

P  P  p  D 

where  r©  is  tho  olasnlcnl  eleotron  radius 9  n  the  nanbor  of 
no!^.oculoa/on  ^  Z^^  the  nunbcr  of  valonoo-olio   1   electrons 
and  V  tho  velocity  ^.f  p  aitrons»   An  interpret  at  ion  of 
this  phenomenon  is  nlvcn  below* 

Positron  is  slowed  down  to  tho  enorcies  of  tho  ox^er 
Of  0.1  ev  in  tho   tine  oonniderably  shorter  than  the  Dlrac 
Winihllatior  time.   If  a  looely  bound  i)ositron-nolcoulo 
state  having  binding  onorcy  ^  "^  0*1  ev  e::iat8,then  the 
pesitr  n  is  annihilated  subsequently  on  the  lolcou'eiao 
in  t!io  conp'ete  reeonanoo  rnamor,with  tho   probability 
oonolderably  execodlnc  Dlrac  probability # 

In  other  words^an  1-tornodlrite  lonc^lived  rooitron- 
molecule  otato  develops  in  the  proccoe  of  seattorlne 
frith  ens  of  tho  disintegration  channels  of  this  state 


boin^  anniliilation.   The  omoo-soctlor.  io  c^von  by  Wiener 
type  f  mulat 


T  =  2m  rr  (7 


'i 


--(2; 
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l8  the  lovol  width  in  ro  atlon  to  annllillatlon,  Th# 
ratio  of  the  croon-oectlot^  of  resonance  and  Dlrac  a:ir.l- 
hilatlon^equal  to  the  obeecrved  ratio  of  annihilation  niteo^ 
may  bo  peproeontod  by  tho   fomulat 

(l^^ljl^^  '^"^^    (    t^ia   the  llfotlne  of  bound  positron 
In  the  relation  to  annihilation )♦  Talcinc     t-^E'^Otl  ev, 

lO""^°0ec,Z^j     10,  Ml  obtain  fro--  (iijwitlon  (3)  ^  ^  ^o^ 
If  E  10  a^lt^^cd  In   C?)  In  conparicon  wl|h  t    #    then 
the  value  of  the  IovxjI  of  ^    nay  b^  dotoirilried  from  (3) 
on  th«  bnole  of  values  of  %     and   t    deterrdnod  by  e::i)exw 
Iraentt  In  the  case  of  the  m  looules  of  CCl^t   for  v/hloh 
^/^     .7^2    (1^6^)  and   t^  •  2  x  lO^^^sec,  wo  find  in  thlc  'ma- 
nner fron   ('')     t^   0.07  ev   i"^"^^  wao  token^as  in  (I^G9)« 
The  prernleeo  Itoelf  conoemln,3  tho  oxlrtmnco  of  the  bound 
of  r^Qi^^o^  ^-oy  ^®  crubstantlatod  in  tbm  caoo  of  a  pr  xl« 
mately  epherical-syM^trical  nr  loo^le  by  aocumlnc  tliat  in 


theeo  caseo  the   interaction  of  pooitron  with  rnoeculo  lo 
described  by  s  rie  central  oy^netrlc  potential  V(r)»   The 
value  of  the  ohalloir  level  in  the  case     f  iruch  a  potential 
riay  be  dotorrilnod  on  tho  b  olc  of  conGldorationo  analocouo 
%c   th  80  uosod  in  the   tlieory  of  el  w  jxirtlclo  Qcattoi?ln,^# 
let  the  losoly  brund  state  be  described  by  the  equation 

and  let  T  be  rauoh  mailer  than  the  effoctivc  radius  R  of 
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the  potdntlaltTlMin  t^  t^:j  be  neclocted  In  the  re^-lor     r<cl/:: 
In   (4)  a--.rltC  •  ocquo   tly  the  o  lutlon  ef  y  lo  derived  fro« 
the  oln  llf iod  equatl  n     yo  -  Uy©   "  ^  havinc  tlio  aaynptotc 
yo»^(l-A.r)  where  C  lo  tlio  nomallBlnn;  factor^   A  the  oonotant 
dependent  only  on  the  properdee     t  the  p  tentlal  v<r)t   In 
file  Intorrnedtatu  reel  on     R  «  r  «  1/x  thie  ao^'ptoto  ohould 
col^-cide  with  the  aoynptote     f  eqixatlon   (4).   In     ther  wordo 
the  level  oft  is  defined  by  the  equation  x  »  a*    In  the  caoc 

of  a     ote-tial  of  the   type     V  •  •(r^fll^)^  f  r  wliich  tlio 

2 

oqiuition     yS  -  Uy^  «  0  hao  a  oinrlc  oolution   (o<»pc  a©*    % 

Bo  lo  the  Bohr  radiuc,   p  lo   the  poXari2ability)tt?ie  depth  of 
the  level  of  t  found  In  the  manner  described  loi 

Accorrll^-:  t-^    (5)   the   condition  of   ':hc  etictance  of  the  lovol 
io  ci^on  by  the  inequality     p(ao/R) "    >     3/2 • 
Aaouminc  tliat  R  coincidee  with  the  cao  hinctic  r  diuo  of  the 
particle  approrrinatelyt  v/c   find  that   this  inequclity  Ic  not 
satiofled  in  the  case  of  Ar  (in  accoa?dance  v/lth  the  rooulto 
in  ^-6   )  wi.ierc  it  is  shown  thai  for   ^t^  ^   i»o,    to   rocon- 
ance  effect  io  absent  in  \t% 

For  all     tJicr  r:  leculeo  invootir:atod  in  (i^6    ) 
the  inequality  p(ao/R)^^    V2  e:ri8to,i,e   the  resonance  effect 
for  t!ie*oxis*i.   In  cose    -f  CII^  Ite  value  of  the  level  foxind 
by  for^ila   (5)   proves   to  be  equal  to  f^  0.10  ev.  Talclrc*  for 

CIL^'  Is  value  of  the   :5evolgthe  eTperinsntal  value  of  ^  •  20 
4  *  Od 

and  Z^«i  8,  we   find  ^ron   (3)   the  anihilation  Ji"^   '^o   -   *^^ 


i. 
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boiind  state  in  notliane    ^o.  ^   1"^       oec.   In  concliiolrn  It  ohould 
be  noted  that  a  teot  of  the  Intorj rotation  which  has  boon 
•at  fortht  would  be  obsorvatlon  of  elaotlc   acattcrine     f 
o'^nw  pOQit-^nc    (E'^0.1  tv)  In  caBoB  for  wliich  lii-hor  valuoa 
ftf  WHkllation     atoo  have  been     bocrv^NU  In  accordance  with 


the  fore^:;  In^  tlie  crooo-Beetiona  ^y    of  thla  pr  coos  ohould 
concldorably  o  ceod  the  {^onetrical  crocjo-ooctions  of  the 
■oloculoB  and  bo  clvon  by  V/lgnir  fornula: 


i 


=    ^"^     /J 


avM^^  Ete 
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ADTX?ndin  B 


lolo'lcal  theory  o-^  annihilation  fror  bcnir.d  otgtcnt 
(D#A#L»laul) 

Per  the  purpose   of  thlo  theory  it  In  aonuned 
that  all     ooitrone  have  olowe^  doim  to  thol     ultlnato 
velocity  ranGOfWhich  lo     er^rally  sll.^htly  ab  ^^e   thomcl, 
and  that  all  r^oltr^n  formation  ard  otlier  higher  o-orr:y 
gMMOnonS  ftpo  therefore  conplet-).   *^ou--  proconoes  nuot 
be  oocurinct  according  to  tlie  Gol^darnkil   plctixri 

(a)  diro-t  annihilation  of  free   rocltrorjj  at  a  rate  > 

(b)  f-matlon  -^f  pooi^:ron-Ro'ec\ile  lone,    rate    X^ 
(o)     die  oclation  of  pooltr  n«n-leculo  loriJi   pate   "X^^ 
(d)     onrl^llatlon  of  the  b  und  pooitron,   rato  >^ 

The  rateo  of  clw- 'le  of  tlio  nunbero  of  iinbound 
tn^  b  uri  poGlti^iu?  irtll  take  pl^.cf^  aocordlnc  t 
ueual  differential  lovro.   In  thie  c.ooe 

where   ^'  is   the  ,iurab«..   of  free  pocltr  7\a  end  h^  la  the  n 

of  boimd  pOEl*rono. 

■quatione    (1)  and  (2)  at  ha'r3  oolutl  -jb  of  the   ^om 

where 


tll0 


^,lh=    >^5^^-\^\   -  JO-^H^V^^'^V* 
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fWdnc  the   pocltvo  oquarc  root  1 1^  corrtorond  to  oC   »  wo  nott 
tliat  tho  oboorvod  anrllillQtlon  rato  alwayo   c  rreop  ndo  to 
P    t   It  Is  conerally   to  ho  oxpactcd  thai  "X  and  >/  \t111  be 
pr  portlonal  t     tho  pr  Gcuro  at  loir  ircoourcDgth  uch    ^^ 
aay  alao  liavc   a  slcnlflcont  quadratic  proas  .ro  dopondonoo 
at  r.oderate  and  Iil^h  procnurcn  owlnc  to  many  body  co  lioiona. 
The  rato  ^p  chould  be   Ind  r  ondcnt  of  proocuro  e::oept   perhape 
at  very  'lici*  proscurcLi    (pvoBcurc  broadinlvy*   Tho  dlcoocl^ 
atlon  rate  '>l^  nay  be  rioclid^l*  i^  tlic  *^bound^'   otato  lico  an 
app5:^cliMc  ^indin,3  tnercyf   and  Ir;  particular  lo  not  a 
virtual  ot^to^   If  tho  binding  enorry  Ic  co  cnall   that  nolo- 
oular  cullltilono  can  oause  dl8Loqlai;lo.i|  ^^r-iay  have  a  prcoa- 
uro  do'ondoiioo  olnllar  to  ^    •   If  tho  0';r  turi.nr;  eta  to  l0 
really  a  \'lrtiial  otatO|    then  >^wlll  have  a  conotant  value 
in  addition  to  a:^  prcoourc   acrcndonco. 

Initial   condltlone  aro   takon  to  boi 


/a 

A   4   B  ■ 


C   4   D  *-  0 
n(0)  •  1   (in  conputatlon)  I.e.   for  one  poGltron# 


Therefore   annihilation  rato  lo  equal  to  >n  '•' V'lj* 
We  have  conputed  p  for  vaxdouo  valueo  of  the   paiwoetoro. 
A  loc-lon  p  ot  fl,^rc.l2       f  three  oeto  of  computed  valueo 
of  p  ajalnet  preocture  in  atnoopheroo  has  been  nado#  To  be 
ill  •greo'Ton'-  v/lth  B|K  e-^porinent  at  loir  :  reoourco  the  o'^ope 
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of  the   loc-lo::  p^    t  rraot  be  -fl,   and  no  liavt)  famid  that  thlo 
lo  tnio  fcr  cnall  dlseoolatlon  ratou       ^d^^^K 
In  Buch  caooo   tlile  model  acreoo  v/lth  Gol*danol:il  prediction^ 
Mid  io   in  keo   Inr*  \7lth  ozperirx^ntal     l^sorvation. 


It  lo  Qo^'^ceeted  that  thoso  ncasuronorto  with 
nothane  nay  bo  c  ntinued  at  hlnher    rocnupeo. 
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